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Figure 1A 
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DETECTION METHOD FOR ACK/NACK 
SIGNALS AND DETECTOR THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of PCT Applica 
tion No. PCT/CN2005/00l434 ?led on Sep. 8, 2005, Which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of digital radio 
communication, and in particular to a selective threshold 
ACK/NACK detector and method thereof. 

BACKGROUND OF THE INVENTION 

The evolution of the third generation mobile communica 
tion systems includes higher data rates and packet oriented 
modes. High Speed DoWnlink Packet Access (HSDPA) is a 
neW feature in WCDMA that improves throughput in the 
system and increases the maximum data rate for a single user. 
HSDPA is a packet data transmission system, Where the base 
station schedules and transmits data packets to different 
Mobile Stations (MSs). 
An important component to prevent from losing data pack 

ets in HSDPA is the Hybrid Automatic Repeat Request (Hy 
brid ARQ). The data packets are preceded by indicators that 
inform the receiving MS about transmission time and other 
characteristics of the transmission. For each packet that the 
MS receives, the MS transmits an acknowledgement (ACK) 
signal if the packet has been received correctly and a negative 
acknowledgement (NACK) signal if the packet Was received 
but not correctly. It may happen that the MS does not detect an 
indicator signal from the base station. In that case the MS is 
not able to receive the data packet, and Will apply discontinu 
ous transmission (DTX), i.e. the MS Will not transmit any 
signal at all. In other Words, the MS only transmits ACK/ 
NACK signals When it has received a packet, otherWise there 
is no signal transmitted. 

The transmitted signals, ACK and NACK, are antipodal 
signals. In parallel With the ACK/NACK signal there is a pilot 
signal that can be used for channel estimation. The netWork 
speci?es poWer offsets APa and AP” for ACK/NACK trans 
missions, respectively. These poWer offsets are relative to the 
poWer for the pilot signal. The channel estimation and the 
knoWn poWer offsets give the estimated received signal poW 
ers for ACK and NACK in case there Was an ACK or NACK 
transmission. Thus the received signal poWers and amplitudes 
of ACK and NACK transmissions can be estimated by the 
receiver. 

When the base station tries to receive the ACK/NACK, 
there are three different possibilities: ACK, NACK, or DTX 
has been transmitted. Table 1 lists the target performance 
requirements on the physical layer that have been outlined in 
the 3GPP for the ACK/NACK detection. The requirements 
are given in the form of probabilities of erroneous detection 
that the physical layer should not exceed. The ability of the 
physical layer to ful?ll the requirements depends on theACK/ 
NACK detector as Well as the poWer offsets APa and AP” for 
ACK and NACK transmission, respectively, Which are speci 
?ed by the netWork. In table 1, the notation P(DTX|ACK) 
represents the probability of detecting DTX signal WhenACK 
signal is transmitted. It is similar for P(ACK|NACK) and 
P(ACK|DTX). 
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TABLE 1 

Target performance requirements on ACK/NACK reception 

Conditional probability: 
P(Detectedl Propagation channel 

Transmitted) Casel/Case2 Case3 

P(NACK or DTX l 510*2 
ACK) 
P(ACK l NACK) 510*1 510*3 
P(ACK l DTX) 510*2 510*1 

TWo ACK/NACK detectors have been proposed, the Con 
stant False Alarm Rate (CFAR) detector, and a dynamic 
threshold detector. A CFAR detector Was presented in “Simu 
lation conditions for HS-DPCCH (ACK/NACK) detection 
performance,” R4-030928, 3GPP, November 2003, and 
“Energy requirements for UL ACK/NACK signaling under 
different sets of constraints”, Rl-02-0420, 3GPP, February 
2002. The dynamic threshold detector Was presented in “On 
the decision threshold for detecting ACK/NACK messages,” 
Rl-02-0823, 3GPP, May 2002. 
The CFAR detector ensures a constant erroneous detection 

probability of ACK and NACK When no signal has been 
transmitted i.e. DTX condition, regardless of the noise poWer. 
This is achieved by having an adaptive detection threshold 
proportional to the noise standard deviation. For a CFAR 
detector of ACK/NACK, tWo such adaptive thresholds are 
needed: Ta, Which is negative, betWeen “ACK” and “DTX”, 
in case of negative signs for ACK and T”, Which is positive, 
betWeen “DTX” and “NACK”, in case of positive signs for 
NACK. It is shoWn in FIG. 1a. A decision variable Z can be 
obtained by means of accumulating outputs of Rake com 
biner. If a decision variable Z is less than the threshold Ta, the 
decision is ACK; if a decision variable is greater than thresh 
old Tn, the decision is NACK; if a decision variable is betWeen 
the tWo thresholds, Ta and T”, the decision is DTX. 
The threshold Ta is formed by multiplying the noise stan 

dard deviation after despreading ow With the norm of column 
vector given by channel estimates, and the coe?icient 0t 
that is set to ful?ll the requirement on P(ACK|DTX), While 
Tn:—Ta. The column vector of channel estimates is the set of 
Weights used in a maximum ratio combiner. Other sets of 
Weights are also possible, e.g. Weights corresponding to equal 
gain combining. Ta is given by 

(1) 

Where P(ACK|DTX) is 0.01 for (F1 .65. 
The channel is here de?ned as the product of the amplitude 

of the transmitted pilot signal, i.e. the square root of the pilot 
transmission poWer and the complex-valued radio channel. In 
a fading channel, the CFAR detector can result in an unnec 
essarily high ACK poWer requirement, in order to ensure that 
the ACK signal is suf?ciently above the average noise poWer. 
Such high required ACK poWer can be reduced by a dynamic 
threshold detector proposed by Philips, using information 
about the instantaneous propagation channel conditions, 
Which are re?ected in the estimated signal amplitude. 

The dynamic threshold detector has a threshold Ta that is 
proportional to the product of the noise standard deviation 
and the estimated signal amplitude after Rake combining 
x/APal l?l I21 
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The constant 0t is selected such that in average 

P(DTX|ACK) ful?ls the target performance requirement. 
The value of 0t depends on the propagation channel, speed, 
antenna diversity, as Well as APa. 

Analogously, the detector has a threshold Tn that is propor 
tional to the product of the noise standard deviation and the 
estimated signal amplitude after Rake combining: 

T. = wWvAP. Him2 (3) 

For both the CFAR detector and the dynamic threshold 
detector, in case of positive signs for ACK and negative signs 
for NACK, threshold Ta is positive and threshold T” is nega 
tive. If a decision variable Z is less than the threshold T”, the 
decision is NACK; if a decision variable is greater than 
threshold Ta, the decision is ACK; if a decision variable is 
betWeen the tWo thresholds, T” and Ta, the decision is DTX. 
This is shoWn in FIG. 1b. 

There are several drawbacks With this dynamic threshold 
detector: 

1) It is impossible to calculate 0t for all possible channels, 
speeds, etc. 

2) The required poWer for NACK can become higher than 
the required poWer for ACK. The reason is that the required 
P(ACK|NACK) is much loWer than the required 
P(NACK|ACK) because if NACK is detected as ACK, the 
physical layer Will not detect an erroneous packet, and 
instead, the detection Will be made in higher layers and thus 
cause longer delays for the retransmission. If the threshold 
betWeen DTX and ACK, Ta, is close to the origin, the NACK 
poWer must be high to keep P(ACK|NACK) beloW the tight 
requirement. 

3) The threshold depends on the product of the noise stan 
dard deviation and the estimated signal amplitude. This 
implies that the output of the detector depends not only on the 
ratio 

MP. Him2 /@—W 

but on the absolute values of 

MP. Him2 

and ow. 
The ACK/NACK signals are important in anARQ scheme. 

To achieve a reliable ACK/NACK detection in HSDPA the 
transmission poWer is typically relatively high. If the ACK/ 
NACK signals need to be repeated to achieve su?icient detec 
tion performance, the interference increases and the maxi 
mum data rate is decreased. An e?icient detector is needed to 
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4 
minimiZe the required transmission poWer for ACK and 
NACK signals and to maximize the data rate. 

SUMMARY OF THE INVENTION 

The invention presents a selective threshold ACK/NACK 
detector and method thereof to improve performance of ACK/ 
NACK decision. 

The scheme is implemented as folloWs. 

The inventive detection method for ACK/NACK, includes 
the steps of: 

calculating a decision variable by integration of a despread 
received signal; 

calculating a threshold betWeen ACK and DTX, Which 
includes tWo values, the ?rst being proportional to a noise 
standard deviation after despreading the received signal, and 
the second depending on an estimated received signal ampli 
tude for ACK, 

calculating a threshold betWeen NACK and DTX, Which 
includes tWo values, the ?rst being proportional to a noise 
standard deviation after despreading the received signal, and 
the second depending on an estimated received signal ampli 
tude for NACK; 

selecting the one With maximum absolute value from the 
tWo calculated values of the threshold betWeen ACK and 

DTX, 
selecting the one With maximum absolute value from the 

tWo calculated values of the threshold betWeen NACK and 
DTX; and 

comparing the decision variable With the tWo selected 
threshold and making decision. 
The inventive ACK/NACK detector includes: 
a Rake combiner con?gured to despread and perform chan 

nel estimation of a received signal to generate a single value, 
Which includes at least a despreader and a channel estimator, 

an integrator con?gured to integrate the single value of one 
slot and accumulate the integrated results of each of N slots to 
obtain a decision variable, 

a comparator con?gured to compare the decision variable 
from the integrator With a threshold betWeen ACK and DTX 
and a threshold betWeen NACK and DTX given from a means 
for generating thresholds , respectively, and 

a noise estimator for performing estimation of despread 
signal from the despreader to obtain a noise standard devia 
tion after di spreading. 
A threshold generator is used for calculating a threshold 

betWeen ACK and DTX that includes tWo values, the ?rst 
being proportional to a noise standard deviation from the 
noise estimator, and the second depending on an estimated 
received signal amplitude for ACK. The calculating means 
calculates a threshold betWeen NACK and DTX that includes 
tWo values, the ?rst being proportional to a noise standard 
from the noise estimator, and the second depending on an 
estimated received signal amplitude for NACK, 

selects the one With maximum absolute value from the tWo 
calculated values of the threshold betWeen ACK and DTX, 
and 

selects the one With maximum absolute value from the tWo 
calculated values of the threshold betWeen NACK and DTX. 

The Rake combiner may be a maximum ratio combiner. 

With the inventive selective threshold detector and associ 
ated method, the required transmission poWer for ACK and 
NACK signals is decreased While the target performance 
requirements on the physical layer outlined in the 3GPP are 
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met. Because the transmission power for ACK and NACK 
signals is decreased, interference is decreased and data rate is 
improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more readily apparent from the 
Detailed Description of the Invention, which proceeds with 
reference to the drawings, in which: 

FIGS. 1a and 1b illustrate decision regions for the CFAR 
detector of the prior art; 

FIG. 2 shows the detection method for ACK/NACK of the 
invention; and 

FIG. 3 shows a selective threshold detector for ACK/ 
NACK of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The CFAR detector previously described ensures a con 
stant probability of false alarm. However, the probability of 
missed detection, P(DTX|ACK), varies with the instanta 
neous SNR(signal-to-noise ratio). Since knowledge about the 
instantaneous SNR is not used in the transmitter, the ACK 
power may be unnecessarily high to achieve the required 
probability of missed detection. 

The dynamic threshold detector previously described uti 
liZes information about the expected received signal power 
obtained from known power offsets and the channel estima 
tion. However, this detector has several problems as stated in 
the foregoing disclosure. 

To ensure that P(ACK|NACK) is not higher than its strict 
requirement, the present invention introduces a noise-level 
dependent threshold. In the relatively few cases when the 
absolute value of the dynamic threshold is lower than the 
absolute value of the noise-level dependent threshold, the 
latter threshold is selected. This limitation of the thresholds 
e?iciently reduces P(ACK|NACK) and P(NACK|ACK) with 
only a small impact on P(DTX|ACK) and P(DTX|NACK). 

The invention uses all the available information in the 
HSDPA air-interface that may help in detection of ACK/ 
NACK, and at the same time combines it with information 
about the noise level in the receiver. Namely, because the 
channel coef?cients and the ACK/NACK power offsets are 
known to the receiver, the expected received signal ampli 
tudes of ACK and NACK are known in the receiver. 

Because in HSDPA the ACK sign is negative and NACK 
sign is positive, the invention selects the threshold between 
ACK and DTX from the minimum of two values, the ?rst 
being proportional to the noise standard deviation after 
despreading, and the second being proportional to the esti 
mated received signal amplitude. The maximum of two val 
ues, the ?rst being proportional to the noise standard devia 
tion after despreading, and the second being proportional to 
the estimated received signal amplitude, is selected as the 
threshold between NACK and DTX. 

Contrarily, in case of in a system with reversed signs for 
ACK and NACK, i.e. positive for ACK and negative for 
NACK, the threshold between ACK and DTX should be 
selected as the maximum of two thresholds, and the threshold 
between NACK and DTX should be selected as the minimum 
of two thresholds. The decision criterion is same as which in 
FIG. 1b. 

In HSDPA the ACK/NACK signal is a l-bit message rep 
etition coded to 10 bits giving the code Words 

“ACK”: 1111111111 and “NACK”: 0000000000. 
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6 
After the usual mapping 0—>+l and lQ-l, it is clear that 

ACK and NACK are antipodal signals, where ACK has a 
negative sign and NACK has a positive sign. Hence, the 
decision variable Z should be obtained by integration of 
despread ACK/NACK bits. The ACK/NACK transmissions 
are performed in the ?rst time slot of three in a subframe, and 
should be repeated in N consecutive subframes where N is a 
parameter set by the network. 

Referring to the FIG. 2, the selective threshold ACK/ 
NACK detection method includes: calculating the decision 
variable Z by integration of despread ACK/NACK values 
received (101, 102, and 103); 

estimating a noise standard deviation after despreading the 
received signals (104); 

generating a weight function by means of channel esti 
mates and the noise standard deviation; 

wherein the weight function includes a ?rst weight func 
tion for ACK and a second NACK weight function for NACK 

(105); 
generating the ?rst threshold between ACK and DTX, Ta, 1, 

using the noise standard deviation and norm of column vec 
tors given by channel estimates, and the second threshold 
between ACK and DTX, Tag, using the power offset for the 
ACK transmission and the ?rst weight function (106); 

generating the ?rst threshold between NACK and DTX, 
Tml, using the noise standard deviation and norm of column 
vectors given by channel estimates, and the second threshold 
between NACK and DTX, Tm2, using the power offset for the 
NACK transmission and the second weight function (106); 

selecting minimum of two values, ?rst threshold Ta,l and 
the second threshold Tag, and at the same time selecting 
maximum of two values, ?rst threshold Tn,l and the second 
threshold Tn,2 (106); and 

comparing the decision variable with the selected Ta and 
T”. If the decision variable is less than the threshold Ta, the 
decision is ACK; if the decision variable is greater than 
threshold T”, the decision is NACK; if the decision variable is 
between the two threshold, Ta and T”, the decision is DTX. 

Regarding the decision variable, it can be calculated as 
follows: 

Step 101, a single ACK/NACK value, 2}”), is obtained at 
the output of the Rake maximum ratio combiner and can be 
described as 

(4) 

where L is the number of Rake ?ngers, and sl-Z” is the despread 
value of the lth ?nger at the ith symbol of the nth transmission 
of the ACK/NACK and h?” is the corresponding channel 

estimate. The symbol * denotes complex conjugate. takes the real part or the imaginary part depending on whether 

the ACK/NACK signal is mapped on the in-phase (I) or 
quadrature phase (Q) component of the uplink signal. 

Step 102, the integration of ACK/NACK value over one 
slot can be described as 

(5) 
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Step 103, the real-valued decision variable, Z, is then 
obtained from accumulating the integrated results of each of 
the N slots, ie 

(6) 

Where h and s are column vectors With lOLN elements given 
by the channel estimates hi1” and the despread symbols sl-Z”, 
respectively. 

The noise standard deviation after despreading, 
given as folloWs: 

ow, are 

Step 104, the noise standard deviation after despreading, 
ow, is obtained from the folloWing relation: The despread 
values, s, can be expressed as 

s=yh APx+w, (7) 

Where h is the vector of actual channel coe?icients, AP takes 
the values APa and AP” de?ned by the netWork for ACK and 
NACK, respectively, W is a vector of complex noise samples 
With standard deviation ow. x is the transmitted symbol, 
Which takes the value — l, 0, and l forACK, DTX, and NACK, 
respectively. Finally, y is either one or the imaginary unit j 
depending on Whether the ACK/NACK signal is mapped on I 
or Q. The noise standard deviation ow can be obtained eg 
from the despread values, s. 

In applications the channel estimation is not ideal. The 
expected received signal amplitude after Rake maximum 
ratio combining is therefore 

WWW; | it) 

instead of 

as for ideal channel estimation. Often the channel estimation 
error can be considered to be Zero-mean and Gaussian. Then 
the channel estimate his given by 

2:11“, (9) 

Where 6 has variance oak2 for element k. 
Regarding to the ?rst Weight function and the second 

Weight function, it can be generated as follows. 
In Step 105 of FIG. 2, Weight function g is given by 

20 

25 

30 

35 

40 

45 

55 

60 

65 

8 

-continued 

2.). 

Where denotes the vector norm: ||h||2:hHh. When AP is the 
poWer offset for the ACK signal received, the Weight function 
g corresponds to the ?rst Weight function; similarly, the 
Weight function g corresponds to the second Weight function 
When AP is the poWer offset for the NACK signal received. 
The poWer offset is knoWn in the receiver. 

In the limit of ideal channel estimation, g(h):0.5||h||2. 
The conditional probability distribution of h given h 

depends on the distribution of h. In mobile communication 
systems the multipath components are in many cases Ray 
leigh fading. Then it can be shoWn that (hlh) is Gaussian and 
its mean E(h|h) 

E(hlh):Ah, (13) 

Where A is a diagonal matrix and its kth diagonal element is 
given by 

Where hk is the kth element of h, | | denotes absolute value, 
and oék2 is the variance of the channel estimate error for Rake 
?nger k. 
The variance of (hHhlh) is given by 

Where B is the covariance matrix of (hlh), b is a column vector 
With its kth element given by 

(15) 
Emma; 

bk = +2 ,/<= 1,2, ,lOLN 
Euhu was, 

and C is the matrix of correlation coe?icients. lts element on 
roW i and column k, [CL-k, is the correlation coef?cient 
betWeen (hilh) and (hklh). The correlation coe?icient p 
betWeen the random variables X andY is de?ned by 

(16) 

Typically, [CL-k is close to one if the indices i and k refer to 
the same path in the same slot and Zero if the indices refer to 
different paths. The channel estimation error variances oék2 
can e. g., be calculated from knowledge of the noise poWer and 
the channel estimation ?lter coef?cients. The mean pilot sig 
nal poWer received in Rake ?nger k, E{ lhkl 2 }, can be obtained 
by averaging lhklkoék2 over a time that is much longer than 
the correlation time of the channel. 

In Step 106 of FIG. 2, regarding the threshold betWeen 
ACK and DTX, Ta, and the threshold betWeen NACK and 
DTX, Tn, they can be given as folloWing equations using the 
foregoing obtained results: 
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Where the coef?cient an is typically equal to ota. (Xa should be 
smaller than the coef?cient (x0 in equation (1 ) to alloW Ta to be 
both larger and smaller than in the CFAR detector. 

Referring to FIG. 3, a selective ACK/NACK threshold 
detector according to the present invention is shoWn. The 
detector includes a Rake combiner 26 including a despreader 
20, a multiplier 31 and channel estimator 25; an integrator 21, 
a comparator 22, a noise estimator 24 and a threshold gen 
erator unit 30. The threshold generator unit 30 includes a ?rst 
threshold generator 28, a ?rst Weight function generator 27, a 
second threshold generator 23 and a second Weight function 
generator 29. 

The rake combiner 26 receives the signals from MSs, and 
then gives a single value Zi; the integrator 21 accumulates the 
single value Zl- from the rake combiner 26 to obtain values 
over one slot, and then accumulates the obtained values of 
each of the N slots to obtain a decision variable Z. In other 
Words, the integrator 21 calculates the decision variable Z 
according to equations 4, 5, 6. 

The noise estimator 24 estimates noise standard deviation 
after despreading, ow, on the basis of the outputs of the 
despreader 20 and then sends to the ?rst threshold generator 
28, the second threshold generator 23, the ?rst Weight func 
tion generator 27 and the second Weight function generator 
29, respectively. In vieW of the foregoing description, the 
noise estimation can be based on the output of the despreader 
(20), but there are also other options. 
The channel estimator 25 generates the norm of column 

vectors given by channel estimates to the ?rst threshold gen 
erator 28, and the second threshold generator 23, respectively. 
At the same time the channel estimator 25 gives channel 
estimates to the ?rst Weight function generator 27 and the 
second Weight function generator 29, respectively. 
The poWer offset for the ACK signal, APa, and the poWer 

offset for the NACK signal, AP”, are sent to the ?rst Weight 
function generator 27 and the second Weight function genera 
tor 29, respectively. The variance of the channel estimate for 
Rake ?nger k, 0;, and the mean received pilot signal poWer 
in Rake ?nger k, E{|hk|2}, are sent to both Weight function 
generators, 27,29. 

According to equations 10 to 16, the ?rst Weight function 
generator 27 generates a ?rst Weight function, ga(h), using the 
noise standard deviation after despreading ow from noise 
estimator 24, the norm of column vectors given by channel 
estimates from channel estimator 25, and the knoWn poWer 
offset for ACK, and then gives to the ?rst threshold generator 
28. Similarly, the second Weight function generator 29 gen 
erates the second Weight function, gn(h), and gives to the 
second threshold generator 23. 

According to equation 17, the ?rst threshold generator 28 
generates the ?rst threshold Ta,l using the norm of column 
vectors given by channel estimates from the channel estima 
tor 25, the noise standard deviation after despreading ow from 
the noise estimator 24, and generates the second threshold 
Ta,2 using the ?rst Weight function from the ?rst Weight func 
tion generator 27 and a knoWn poWer offset for ACK, then 
selects the minimal one from the Ta, 1 and Ta,2 and sends to the 
comparator 22. Similarly, according to equation 18, the sec 
ond threshold generator 23 generates ?rst threshold T”, 1 using 
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10 
the norm of column vectors given by channel estimates from 
the channel estimator 25, the noise standard deviation after 
despreading ow from the noise estimator 24, and generates the 
second threshold Tn,2 using the second Weight function from 
the second Weight function generator 29 and a knoWn poWer 
offset for NACK in the receiver, then selects the maximal one 
from the Tn,l and Tn,2 and sends to the comparator 22. 
The comparator 22 compares the decision variable from 

the integrator 21 With the tWo thresholds, Ta and T”, from the 
threshold generators 28 and 23, respectively. If a decision 
variable is less than the threshold Ta, the comparator 22 gives 
a decision of ACK; if a decision variable is greater than 
threshold T”, the comparator 22 gives a decision of NACK; if 
a decision variable is betWeen the tWo thresholds, Ta and T”, 
a decision of DTX is given by the comparator 22. 
The detector has been evaluated by simulations. The 

required Ec/No for the ACK/NACK bits to ful?ll the target 
performance requirements P(ACK|DTX)§0.01, 
P(DTX|ACK)§0.01 and P(ACK|NACK)§0.0001 have been 
calculated. Ec is de?ned as the total received energy per chip 
on each diversity antenna. The simulations have been per 
formed for different propagation channels. 

TABLE 2 

Required Ec/No for P(ACK\DTX) <0.0l, 
P(DTX\ACK) <0.0l and P(ACK\NACK) <0.0001 

Required Ec/No for ACK/NACK(dB) 
Detector 

Selective 
Dynamic threshold 

CFAR threshold detector: 
Propagation detector: detector: eta = 0.99," 
channel (to = 1.65 a = 1.29 ga(h) = 0.5H11H2 

A Ped.A3O krn/h, no —6.4/—20.3 —l0.0/—7.6 —8.8/—l2.0 
div. 

B Ped. A 30 km/h —l4.6/—27.2 —l2.8/—27.l —l6.6/—20.9 
C Case 1 —l6.l/—28.5 —l2.9/—w —l7.7/—22.9 
D Case2 —l8.7/—30.2 —l3.5/—w —l9.6/—26.6 
E Case3 —l8.8/—30.2 —l3.5/—w —l9.6/—26.9 

The simulation results are shoWn in Table 2 for ideal chan 
nel estimation. The coef?cient 0t has been optimiZed for 
simulation case A and is kept constant for all cases since it is 
impossible to optimiZe it for all propagation channels, speeds 
etc. All coef?cients used to determine Ta for the three detec 
tors are given in the table. 

Let the maximum required poWer be de?ned as the larger of 
the required poWers for either ACK or NACK transmissions. 
Then it is clear from Table 2 that the neW selective threshold 
detector has loWer maximum required poWer than prior art, 
both the CFAR detector and the dynamic threshold detector, 
in all simulated cases. 
The invention for ACK/NACK detection is not restricted to 

HSDPA but can be applied to any system using ACK/NACK 
signalling With antipodal signals, knoWn channel estimates 
and poWer offsets of ACK/NACK to the pilot signal poWer. It 
is Within the scope of the present invention to include all 
foreseeable equivalents to the elements and structure as 
described With reference to FIGS. 2 and 3. 

The invention claimed is: 
1. A detection method for ACK/NACK signals, comprising 

the steps of 
a. calculating a decision variable by integration of a 

despread received signal; 
b. calculating four values, the ?rst being proportional to a 

noise standard deviation after despreading the received 
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signal, and the second depending on an estimated 
received signal for ACK, the third being proportional to 
a noise standard deviation after despreading the received 
signal, and the fourth depending on an estimated 
received signal for NACK; 

c. selecting the one With maximum absolute value from the 
?rst and second values as the threshold betWeen ACK 
and DTX, and selecting the one With maximum absolute 
value from third and fourth values of the threshold 
betWeen NACK and DTX; and 

d. comparing the decision variable With the tWo selected 
thresholds and making decision. 

2. The detection method according to claim 1, Wherein in 
step b, a fourth value depending on an estimated received 
signal for ACK is calculated by Weighting the square root of 
a poWer offset of ACK With a ?rst Weight function; and 

a second value depending on an estimated received signal 
for NACK is calculated by Weighting the square root of 
a poWer offset of NACK With a second Weight function. 

3. The detection method according to claim 2, Wherein the 
Weighting of the square root of the poWer offset of ACK With 
a ?rst Weight function is calculated as: 

-~/AP., gait). 

Where APa represents the poWer offset for the ACK and 
ga(h) represents the ?rst Weight function, When the ACK 
signal is mapped to negative sign; and 

the Weighting the square root of the poWer offset of NACK 
With a second Weight function is calculated as: 

MP. gm). 

Where AP” represents the poWer offset for the NACK and 
gn(h) represents the second Weight function, When the 
NACK signal is mapped to positive sign. 

4. The detection method according to claim 3, Wherein the 
Weight function is given as: 

and Ol2:OO2+APVar(Re{?Hl1}|f1), Wherein ow denotes the 
noise standard deviation after despreading, denotes 
the vector norm: | |2:hHh, h are column vectors given by 
the channel estimates, and E(h|h) represents mean of the 
conditional probability distribution of h given h in case 
of Rayleigh fading, and 

the E(h|h) is calculated as: E(h|h):Ah, WhereA is a diago 
nal matrix and its kth diagonal element is given by 
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Wherein hk is the kth element of h, l'l denotes absolute 
value, and oak2 is the variance of the channel estimate 
error for Rake ?nger k, E{ lhklz} is the mean pilot signal 
poWer received by Rake ?nger k, and 

When APIAPG, g(h):ga(h); 
When APIAPM, g(h):gn(h). 
5. The detection method according to claim 2, Wherein the 

Weight function is given as: 

and o12:oO2+APVar(Re{hHh}lh), Wherein ow, denotes 

the noise standard deviation after despreading, denotes the vector norm: ||h||2:hHh, h are column vectors 

given by the channel estimates, and E(h|h) represents 
mean of the conditional probability distribution of h 
given h in case of Rayleigh fading, and 

the E(h|h) is calculated as: E(h|h):Ah, WhereA is a diago 
nal matrix and its kth diagonal element is given by 

Wherein hk is the kth element of h, l'l denotes absolute 
value, and oak2 is the variance of the channel estimate 
error for Rake ?nger k, E{ lhklz} is the mean pilot signal 
poWer received by Rake ?nger k, and 

When APIAPG, g(h):ga(h); 
When APIAPM, g(h):gn(h). 
6. The detection method according to claim 1, 
Wherein step b further includes calculating, the threshold 

betWeen ACK and DTX, When the ACK signal is 
mapped to a negative sign, a ?rst value proportional to a 
noise standard deviation after despreading is given as: 
_aaoiwllhll; and 

Wherein step b further includes calculating, the threshold 
betWeen NACK and DTX, 

When the NACK signal is mapped to positive sign, the ?rst 
value being proportional to a noise standard deviation 
after despreading is given as: anow| 

Wherein the coef?cients (la and 0t” meet a target perfor 
mance requirement. 

7. An ACK/NACK detector comprising: 
a Rake combiner con?gured to despread and perform chan 

nel estimation of a received signal to generate a single 
value, Which includes at least a despreader and a channel 
estimator, 

an integrator con?gured to integrate the single value of one 
slot and accumulate the integrated results of each of N 
slots to obtain a decision variable, 
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a comparator con?gured to compare the decision variable 
from the integrator With a threshold betWeen ACK and 
DTX and a threshold betWeen NACK and DTX given 
from a threshold generating unit, respectively, 

a noise estimator con?gured to perform estimation of 
despread signals from the despreader to obtain a noise 
standard deviation after despreading, 

Wherein the threshold generating unit, is adapted for 
calculating four values, the ?rst being proportional to a 

noise standard deviation after despreading the received 
signal, and the depending on an estimated received sig 
nal for ACK, the third being proportional to a noise 
standard after despreading the received signal, and the 
fourth depending on an estimated received signal for 
NACK, and 

selecting the one With maximum absolute value from the 
?rst and second values as the threshold betWeen ACK 
and DTX, and 

selecting the one With maximum absolute value from the 
third and fourth values of the threshold betWeen NACK 
and DTX. 

8. The ACK/NACK detector according to claim 7, Wherein 
the threshold generating unit comprises, 

a ?rst Weight function generator con?gured to generate a 
?rst Weight function by using the channel estimates from 
the Rake combiner, the noise standard deviation from 
the noise 

estimator, a known poWer offset of the ACK, estimated 
channel estimation error variances and an estimated 
mean of the received pilot signal poWers; 

a ?rst threshold generator con?gured to generate the ?rst 
value by using norm of the channel estimates from the 
Rake combiner and the noise standard deviation from 
the noise estimator, generate the second value by 
Weighting the square root of a poWer offset of the ACK 
With the ?rst Weight function from the ?rst Weight func 
tion generator, and give the one With maximum absolute 
value to the comparator; 

a second Weight function generator con?gured to generate 
a second Weight function by using the channel estimates 
from the Rake combiner, the noise standard deviation 
from the noise estimator, a knoWn poWer offset of the 
NACK, the estimated channel estimation error variances 
and the estimated mean of the received pilot signal poW 
ers; and 

a second threshold generator con?gured to generate the 
?rst value by using norm of the channel estimates from 
the Rake combiner and the noise standard deviation 
from the noise estimator, generate the second value by 
Weighting the square root of a poWer offset of the NACK 
With the second Weight function from the second Weight 
function generator, and give the one With maximum 
absolute value to the comparator. 

9. The ACK/NACK detector according to claim 8, Wherein 
When the ACK signal is mapped to negative sign, the ?rst 
threshold generator generates the ?rst value being propor 
tional to a noise standard deviation after despreading as: 

_aaoiwllhll; 
When the NACK signal is mapped to positive sign, the 

second threshold generator generates the ?rst value 
being proportional to a noise standard deviation after 
despreading is given as: anoWHhH; 

Wherein the coef?cients ota, and 0t” meet a target perfor 
mance requirement. 

10. The ACK/NACK detector according to claim 9, 
Wherein the ?rst threshold generator generates the second 
value given as the following: 
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—\/ APa gaol), Where APa 

represents the knoWn poWer offset for the ACK and ga(h) 
represents the ?rst Weight function When the ACK signal is 
mapped to negative sign; and 

the second threshold generator generates the second value 
given as the folloWing: 

MP. gait). 

Where AP”, represents the knoWn poWer offset for the 
NACK and gn(h) represents the second Weight function 
When the NACK signal is mapped to positive sign. 

11. The ACK/NACK detector according to claim 8, 
Wherein the ?rst threshold generator generates the second 
value given as the folloWing: 

—\/ APa gaol), Where APa 

represents the knoWn poWer offset for the ACK and ga(h) 
represents the ?rst Weight function When the ACK signal is 
mapped to negative sign; and 

the second threshold generator generates the second value 
given as the folloWing: 

MP. gm. 

Where AP” represents the knoWn poWer offset for the 
NACK and gn(h) represents the second Weight function 
When the NACK signal is mapped to positive sign. 

12. The ACK/NACK detector according to claim 8, 
Wherein the ?rst Weight function generator generates the ?rst 
Weight function given as: 

ol2:oO2+APa Var(Re{hHh} lh), and 
the second Weight function generator generates the second 

Weight function given as: 
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wherein ow denotes the noise standard deviation after 
despreading, |denotes the vector norm: |2:hHh, h are 
column vectors given by the channel estimates, and 
E(h|h) represents mean of the conditional probability 
distribution of h given h in case of Rayleigh fading; and 

E(h|h) is calculated as: E(h|h):Ah, Where A is a diagonal 
matrix and its kth diagonal element is given by * * * 

Wherein hk is the kth element of h, l'l denotes absolute 
value, (I 2 is the variance of the channel estimate error 
for Rake ?nger k, E{ lhkl2 } is the mean pilot signal poWer 

10 received in Rake ?nger k. 
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